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ABSTRACT

The Huancabamba Defleotion, a major Andean orecline located at the Ecuador-Peru 

border, constitutes an important geologic boundary on the Pacific coast of South 

America, Crust to the north of the deflection is oceanic and the basement is com 

posed of basic igneous rocks of Cretaceous age, whereas crust to the south is con 

tinental and felsic rooks of Preoambrian to Cretaceous age make up the basement.

The northern flank of the Huanoabamba Deflection in El Oro Province, Ecuador, 

is underlain by Preoambrian polymetamorphie basic rooks of the Piedras Group; shale, 

siltstone,sandstone, and their metamorphosed equivalents in the Tahufn Group (in 

part of Devonian age); concordant synteotonio granitic rooks; quartz diorite and 

alaskite of the Maroabell' pluton; a protrusion of serpentinized harzburgite that 

contains a large inclusion of blueschist-facies metamorphio rocks, the Raspas For 

mation; and metamorphio rooks north of the La Palma fault.

Biotite from gneiss of the Tahufn Group yields a Late Triassic K-Ar age (210 

- 8 m.y.). This is interpreted as an uplift age and is consistent with a regional 

metamorphism of Paleozoic age. A nearby sample from the Piedras Group that yielded 

a hornblende K-Ar age of 196 - 3 m.y. was affected by the sane metamorphic event. 

Biotite from quartz diorite of the mesozonal Maroabell pluton yields a Late Triassio 

age (214 - 6 m.y.) which is interpreted as an uplift age which may be only slightly 

younger than the age of magmatic crystallization. Emplacement of the pluton may 

postdate regional metamorphism of the Tahufn Group. Phengite from pelitio schist 

of the Raspas Formation yields an Early Cretaceous K-Ar age (132 * 5 m.y.). This age 

is believed to date the isostatic rise of the encasing serpentinized harzburgite as 

movement along a subjacent subduotion zone ceased, and it is synchronous with the age 

of the youngest lavas of a coeval volcanic arc in eastern Ecuador. A Late Cretaceous 

K-Ar age (74.4 _ 1.1 m.y.) from hornblende in amphibolite north of the La Palma fault 

shows that rocks there are distinct from the superficially similar rooks of the 

Tahufn Group to the south. Biotite from schist in the Eastern Andean Cordillera
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yields an Early Booene age (56,6 _ 1,6 m.y.). Eletamorphic rocks in the northern 

part of the Eastern Andean Cordillera are Cretaceous in age and were metamorphosed 

in part in early Tertiary time. They are unrelated to and were metamorphosed later 

than any of the diverse rocks exposed on the northern flank of the Huancabamba 

Deflection.
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INTRODUCTION

Metamorphio basement rooks with a wide range of ages crop out sporadically in 

the Andean orogen of southern Bcuauor and adjacent Peru (fig. 1)* This part of the 

Andean orogen is of particular geologic interest because it constitutes the Huanca- 

bamba Deflection, the most prominent of the great oroclines that flex the Andes to 

and fro from southern Chile to Venezuela (Sansser, 1973, p. 104-106).

Figure 1, near here.

In this report we present a brief review of the Huanoabamba Deflection, a sum 

mary of the geology of basement rocks exposed on Its northern flank, and the signif 

icance of Z-Ar dates of six samples of crystalline rocks from Ecuador. We shall 

show that four distinct metamorphic belts are exposed on the Huanoabamba Deflection 

in Ecuador, and that none of these belts is correlative with the areally extensive 

metamorphio rocks that underlie the Eastern Andean Cordillera to the northeast. 

Field studies in Ecuador were undertaken by Feininger. Silberman carried out the 

K-Ar age determinations that here are reported for the first time.

THE HUAHCABAMBA DEFLECTION

The axis of the Huancabamba Deflection strikes east across the Andes, roughly 

coincident with the Ecuador-Peru border (fig. 1). The apex of the deflection, near 

Talara, Peru, includes the westernmost protuberance of the South American continent. 

The deflection separates Andean rocks to the north that strike N 20° E, from those 

to the south, which in northern Peru strike N 30° W.

The northern flank of the Huanoabamba Deflection constitutes an important geo 

logic boundary In South America. To the north, in Ecuador and Colombia, coastal 

South America is underlain exclusively by oceanic crust; basement rocks exposed west 

of the Andes consist of basalt and diabase of Cretaceous age (Servioio Nacional de 

Seologfa y Mlnerfa, 1969; Institute Nacional de Investigaciones (Jeologico-Mineras,
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1976). The union of oceanic and continental crust in Ecuador lies at the western 

base of the Andes, north of the vicinity of Guayaquil (Feininger, 1977). In south 

ernmost Ecuador and Peru, on the other hand, the crust between the Andes and the 

Pacific is continental, and the basement is dominated by felsio metamorphio and 

granitic intrusive rocks that range in age from Precambrian to Cretaceous (Bellido, 

1969; Gansser, 1973, p. 106-107). The origin of this geologic boundary recently 

has been interpreted by Feininger and Bristow (1980) based on the interaction of 

the South American plate and oceanic plates to the west during Cretaceous and Paleo- 

gene time.

In the Peruvian Andes, basement rocks of ProCambrian and Paleozoic age in the 

Huancabamba Deflection constitute a triparte division broken by two major uncon 

formities (Megard and others, 1971). From oldest to youngest, the rooks are a Pre 

cambrian crystalline terrain, a lower Paleozoic (pre-Carboniferous) politic and 

sandy fly son sequence from a to more than 15 km thick, and an upper Paleozoic (Car 

boniferous and Permian) molasse sequence of continental and marine clastic sedimen 

tary rocks with minor limestone and volcanic rooks that ranges from a few hundred 

meters to 5 km in thickness. The rooks are further distinguished by their contrast 

ing metamorphio and deformational histories (Megard and others, 1971). The Pre 

cambrian rooks are everywhere polymetamorphio. Overlying lower Paleozoic rooks range 

from nonmetamorphie to high grade, and are characterized by extensive faulting, com 

plex folds produced by multiple deformation, and a pervasive slaty cleavage. Upper 

Paleozoic rocks are not metamorphosed, are relatively less faulted, and are charac 

terized by simple, open folds generally without slaty cleavage.

BASEMENT HOCKS ON THE NORTHERN PLANK, HUANCABAMBA DEFLECTION

Basement rooks on the northern flank of the Huancabamba Deflection are particu 

larly well exposed in western SI Oro Province, Ecuador. Here they underlie the east 

to northeast-striking Cordillera de Tahufn, a foothills range of the Andes that lies 

between the town of Arenillas and the Rfo Puyango. The geology of the Arenillas- 

Puyango area has been mapped in detail (Feininger, 1973), and is summarized below.



Seven broad rock units fozm the basement of the Aranillas-Puyango area {fig. 2). 

These include the rooks of four distinct metamorphic belts: the Piedras Group, Tahufn 

Group, Haspas Formation, and metamorphic rocks north of the La Palma fault, as well 

as three intrusive units: synteotonio granitic rocks, the Marcabelf pluton, and harz- 

burgite. In the south, basement rooks are overlain with an angular unoonformity by 

sedimentary and volcanic rocks of Early Cretaceous age (Bristow and Hoffstetter, 

1977, p. 83-84). Alluvium of a narrow coastal plain overlaps basement rooks in the 

north.

Figure 2, near here.

The Piedras Group consists of polymetamorphio amphibolite and greensohist, with 

thin concordant layers of quartzite and quartz-musoovite schist. Hornblende from a 

sample of amphibolite taken at Portovelo, 52 km east southeast of Arenillas, yielded 

a 743 _ 14 m.y. K-Ar age (Kennerley, 1980). The Piedras Group is interpreted by 

Feininger (1980) as a remnant of Proterozoio ocean floor.

The Tahufn Group stratigraphically overlies the Piedras Group and is composed 

of a monotonous sequence of intercalated shale, siltstone, sandstone, and their meta 

morphosed equivalents. In the extreme south the Tahuin Group has not been metamor 

phosed, but northward the rooks become increasingly reerystallized, and near their 

contact with the Piedras Group they have been metamorphosed to coarse-grained gneiss 

and migmatite of the upper amphibolite faoies. The age of the Tahufn Group is un 

certain. No fossils have been found in Ecuador, but low-grade quartzite on strike 

with the Tahufn Group in Peru, 125 km to the southwest, has yielded a Devonian bra- 

chiopod fauna U'lartfnez, 1970). A lower Paleozoic age is consistent with the me ta 

mo rp hi sm, faulting, complex folding, and slaty cleavage that characterize the Tahufn

Group.

-5-



Slongated, concordant bodies of medium- to coarse-grained, foliated to massive, 

synteotonio granitic rooks are found in the higher-grade parts of the Tahufn Group. 

The granitic rocks have a metamorphic texture, and are characterized by euhedral, 

poikilitio megaorysts of white orthoolase from 4 to 10 cm long, The syntsctonic 

granitic rocks are believed to have bean emplaeed as magma, possibly generated by 

the partial melting of the highest-grade parts of the Tahufn Group f just before or 

during the peak of regional metamorphism.

The northwest quadrant of the Marcabelf pluton is exposed in the Cordillera de 

Tahufn (fig. 2). The pluton is composite, and is made up of discrete phases of 

medium-grained, xenomorphio to hypidiomorphic equigranular, gray quartz diorite, and 

coarse-grained, xenomorphic equigranular, pink alaskite. Intrusive relations estab 

lish that the quartz diorite is the relatively older phase. Sedimentary rooks of the 

Tahufn Group are baked in a narrow thermal aureole west of the pluton.

Extensively serpentinized harzburgite constitutes a large protrusion south and 

southeast of Arenillas. An unfragmented inclusion 3 km wide and more than 11 km 

long, known as the Hasp as Formation, is encased in the harzburgite. The Haspas con 

sists of high-pressure, blueschist faoies metamorphic rocks, chiefly feldspar-free 

pelitic schist, but also layers of eologite and eclogite amphibolite. The high 

-pressure rooks are believed to have been raised from a depth of more than 40 km 

during emplacement of the protrusion by isostatic rise (Feininger, 1980),

Metamorphic rocks north of the La Palma fault superficially resemble rocks in 

the Tahu£n Group (Peininger, 1978), although the two terrains differ substantially 

in many petrographio details. Furthermore, the rooks in the north include extensive 

areas of amphibolite with distinctive brown hornblende, a rock type not found in the 

Tahufn Group,

K-Ar AGSS

Six samples of crystalline rocks were collected for K-Ar age determinations. 

Five of these samples were collected in the Arenillas-Puyango area (fig, 2), and one



was collected in the Eastern Andean Cordillera, 400 km to the northeast (fig. 3). 

The dating was undertaken with two main objectives: 1) To clarify the unknown or 

uncertain metamorphio ages of basement rooks on the northern flank of the Huanoa- 

bamba Deflection, and 2) To investigate the relations between metamorphio rooks on 

the northern flank of the Huancabamba Deflection with the more extensive belt of 

metamorphio rooks of the Eastern Andean Cordillera in northern Ecuador (fig. 3).

Figure 3, near here.

K-Ar ages are summarized in Table 1. Sample descriptions, analytical proce 

dures, and other technical information are given in the appendices at the end of 

the report.

Table 1. K-Ar ages of crystalline rooks from Ecuador

Sample 
number

TF-227

TF-1559

JS-278A

TF-1856

TF-675

3.3.92

Rook type and formation

Amphibolite, Piedras Group

Politic gneiss, Tahufn Group

Quartz diorite t Maroabelf pluton

Politic schist, Raspas Formation

Amphibolite, metamorphic rooks north of the 
La Palma fault

Schist, Eastern Andean Cordillera

Mineral 
dated

Hornblende

Biotite

Biotite

Phengi t e

Hornblende

Biotite

Age (m.y.)

196 ! 8

210 1 8

214 t 6

132 1 5

74.4 + 1.1

63.6 t 1«6

Piedras Group 

Hornblende from amphibolite in the Piedras Group (sample TF-227) yielded an age

of 196 8 m»y* ^ne anphibolite is polymetamorphie, fractured, and partly altered. 

The sample is believed to have been reheated during the regional metamorphism of the 

overlying rooks of the Tahufn Group located only 1.2 km to the south (see below). 

The precise geologic setting of the amphibolite from the Piedras Group at Portovelo,
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dated at 743 i 14 m.y. (Kennerley, 1980}, is unknown, but the significantly older 

age suggests that the site may be more distant from rocks of the Tahufn Group than 

is TF-227.

Tahufn group and Maroabelf pluton

Biotite gneiss in the Tahufn Group (sample TF-1559) yielded a 210 t 8 m.y. age. 

The mineral assemblage of this sample, which includes orthoolase and sillimanite 

(without musoovite), and the intense regional mignatization of the gneiss interpreted 

as uue to partial melting, indicate that metamorphism occurred at a temperature in 

excess of 650 C and at a depth greater than 11 km (Winkler, 1976, fig. 15-3). Re 

tention of argon in the biotite after prograde metamorphio reory stall ization could 

have begun only after extensive uplift and erosion. The exceptional freshness of 

the gneiss and the absence of nearby intrusive rooks argue against resetting by a 

later retrograde or thermal event* The 210 m.y. age is thus interpreted as a minimum 

age of the metamorphism, and more likely as the age of uplift for this part of the 

metamorphic terrain. Although the precise age of metamorphism remains unknown, these 

data are consistent with it being Paleozoic.

Biotite from quartz diorite of the Marcabelf platon (sample JS-278A) yielded a 

214 . 6 m.y. age. Within analytical uncertainty, this age is the same as that of 

the gneiss from the Tahufn Group. The dominantly xenomorphic texture of the Marca- 

belf pluton is consistent with crystallization at mesozonal depth. Nevertheless, the 

grade of regional metamorphism of the Tahu£n Group in the area of Maroabelf is much 

less than the grade of the gneiss in the north. The depth of emplacement of the 

pluton must have been significantly less than the depth of the regional metamorphism 

at TF-1559. Although the biotite age of the quartz diorite must be a minimum age, 

it may be only slightly younger than the age of magmatic crystallization. Emplace 

ment of the pluton may postdate the regional metamorphism of the lahuJun Group.
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Raspas Formation

Phengite from politic schist of the Hasp as Formation (sample TF-1856) yielded 

an Early Cretaceous K-Ar age (132 - 5 m.y.). Whereas the temperature of metanorphism 

of some bluesohist-facies rooks is below that at which argon loss from phengite begins 

(Suppe and Armstrong, 1972), such is not the case for the Has pas Formation, which is 

postulated to have been metamorphosed at 580 * 20°C (Feininger, 1980)  These temper 

atures are more than adequate to cause argon loss from even coarsely crystallized 

muscovite (Damon, 1968). Accordingly, the K-Ar age is interpreted to date the iso- 

statio rise of the serpentinized harzburgite that carried with it the encased high 

-pressure rooks from a deep subduction zone to progressively shallower and cooler 

levels. The subduction zone is believed to have dipped eastward, beneath the South 

American continent, from a trench located in the proto-Pacifio Ocean to the west. 

Rise of the Haspas-harzburgite couplet took place upon abandonment of the subduction 

zone, when downward traction had ceased, and the physical barrier of the shear plane 

between the descending and the overriding plates was eliminated. This view is rein 

forced by a synchronous whole-rook K-Ar age (132 m.y.) obtained by the Texaco Petro 

leum Company on the youngest lavas of the coeval volcanic arc taken from the subsur 

face in eastern Ecuador (Feininger, 1980).

Metamorphio rooks north of the La Palma fault

Hornblende from a sample (TF-675) of amphibolite at Arenillas yielded an age of 

74.4 I 1.1 m.y. This unexpected young age was confirmed by a second determination 

(Appendix B). Sample TF-675 is unusually fresh and shows no petrographio evidence 

of postmetamorphie reheating or alteration. The distinct radiometric age of the 

metamorphic rooks north of the La Palma fault supports the petrographic evidence that 

these rocks are not correlative with the Tahufn Group to the south. The regional 

significance of this relatively youthful terrain remains uncertain.
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Eastern Andean Cordillera

Biotite from a schist (sample 3.3.92) of the Eastern Andean Cordillera in north 

ern Souador (fig. 3), was dated to test regional correlations of metamorphic rooks in 

the country. Aside from the small area of metamorphic rocks on the northern flank of 

the Huancabamba Deflection in 31 Oro Province, other regionally metamorphosed rocks 

in Ecuador are confined to the Eastern Andean Cordillera, where they form a 650-km 

-long belt that ranges in width from less than 20 to 70 km between the Colombian and 

Peruvian borders (fig. 3). In the absence of detailed studies, it has generally been 

assumed that the regionally metamorphosed rooks of Ecuador constitute a single, albeit 

somewhat disrupted belt (Sauer, 1965, p. 24-48; Servicio Naoional de Geologist y 

Minerfa, 1969). Kennerley (1973) first proposed a division of these rooks, with a 

supposedly Cretaceous age for the metamorphio rooks in western SI Oro Province (his 

"Tahufn Series")* and a Paleozoic age for the metamorphic rocks in the Eastern Andean 

Cordillera (his "Samora Series"). Simultaneously, Bristow (1973) demonstrated in the 

field the Late Cretaceous age of schists in the Eastern Andean Cordillera northeast 

of Cuenca. Subsequently, using regional reconstructions based on plate tectonics, 

Feininger (1975) and Peininger and Bristow (1980) proposed that the schists in at 

least the northern two thirds of the Eastern Andean Cordillera are Cretaceous in age 

and were metamorphosed in Maastriohtian (latest Cretaceous) and early Tertiary time. 

This view is sustained by the Early Sooene biotite age (53.6 . 1.6 m.y.) of the 

schist from Baeza, 70 km east-southeast of Quito, and points out that the metamorpnic 

rooks of the Eastern Andean Cordillera in the north bear no genetic relation to meta 

morphic rocks on the northern flank of the Huancabamba Deflection.

SUMMARY

Basement rocks on the northern flank of the Huanoabamba Deflection range in age 

from Precambrian to Cretaceous and include no less than four distinct metamorphio 

belts: the Piedras Sroup, Tahuin Group, Raspas Formation, and the metamorphio rooks 

north of the La Palma fault. Polymetamorphic mafic rocks of the Piedras Group, which
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elsewhere bare a late Preoambrian hornblende K-Ar age (Kennerley, I960)* In the 

Arenillas-Puyango area have been reset by the Paleozoic regional metamorphism of 

the adjacent Tahufn Group. The Late Triassie biotite K-Ar age on gneiss from the 

Tahufn Group is interpreted as an uplift age, and is consistent with a Paleozoic 

age of regional metamorphism, The Late Triassie biotite age from quartz diorite 

of the Marcabelf pluton is a minimum age, but may be only insignificantly younger 

than the emplacement age of the pluton. The Early Cretaceous phengite K-Ar age on 

high-pressure pelitic schist interbedded with eclogite in the Haspas Formation dates 

the isostatic rise of the encasing serpentinized harzburgite, and is related to the 

cessation of activity in a coeval volcanic arc to the east. A Late Cretaceous horn 

blende K-Ar age on amphiholite from metamorphio rooks north of the La Palma fault at 

Arenillas demonstrates that these rocks constitute a distinct and heretofore unrec 

ognized younger metamorphio terrain. Schist in the Eastern Andean Cordillera to the 

northeast was metamorphosed in latest Cretaceous ©rearly Tertiary time and is un 

related genetically to basement rocks on the northern flank of the Huancabamba De 

flection.
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APPENDIX A

ANALYTICAL EQUIPMENT AND PROCEDURES

Mineral concentrates were prepared from crushed and sized samples of rock 

with an electromagnetic separator and heavy liquids by Tomas Feininger and 

student assistants at the Escuela Polite'cnica Nacional, Quito. Potassium 

analyses were performed by Gil Ambats and Paul Klock at the U.S. Geological 

Survey, Menlo Park, on splits of the prepared separates using lithium 

metaborate fusion and flame photometry (Ingamells, 1970). Argon was extracted 

from mineral concentrates by RF induction heating in vacuum using standard 

isotope dilution techniques (Dalrymple and Lanphere, 1969). Mass analyses of 

the extracted argon was done with a Neir-type 60-degree-sector 15.2-cm-radius 

mass spectrometer operated in the static mode. Analysts were A. L. Berry and 

M. L. Silberman.

Analytical uncertainty is a combination of errors in potassium and argon 

analyses, and is calculated at one standard deviation. The constants used in 

age calculations were!

Ae ' V = °- 581 X i0"^" 

X 3 = 4.963 X lO'^yr" 1 

K 40/Ktotal = 1.167 X 10'4 atom per cent.
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CAPTIONS OF FIGUH2S

Figure 1. Regional metamorphic rooks (stippled) In the Huancabamba Deflection 

(double broken line). Modified from Megard and others (1971) and Servieio 

Naoional de Geologfa y Minerfa (1969). Note: The Government of Ecuador 

does not recognize the political border with Peru.

Figure 2. Generalized geologic map of the Arenillas-Puyango area, western El 

Oro Province, Ecuador (Feininger, 1978). Note: The Government of Ecuador 

does not recognize the political border with Peru.

Figure 3. Regional metamorphio rocks (stippled) In Ecuador. Modified from Ser 

vicio Naoional de Geologfa y Minerfa (1969). Note: The Government of Souauor 

does not recognize all the political borders shown here.
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